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Overview
The purpose of this study was to devdop an LC-MS/MS method capable of detecting

psrcMorate^O^atpg/mLfppt) concentrations in water and at ng/ml_{ppb)corK:efrtratiansin
human serum. The current analytical method for water establishes a MeUwd Detection Limit
{MDL) of 0.53 mg/L ©30 ppt) in reagent-grade water.

The data show that we can adiieveMDLof ~ 15- 20 pg/mL (ppO in reagent-grade water.
We have estafafched accuracy artd predscn at fortrficattens ranging from 10O ppt to 2900 ppt in
ground watec bottled water, surface water, tap water, and type I watet

We have also developed a method for the detection of percfilorate in human serum. The
limit of quanfitafjon (LOQ) for tWi analysis, based on the lowest fortification, wa5 5 j)pb.

IffifocfuctioR
Perdiforate has been classified as an "unregulated chemical for which monitoring is

required' by the State of CaKfoinid. The hetfth eHectsof peitrtwate at low dosages are sti!}
uncertain. Howevet; in Janua/y 2002, the California Department of Health Services changed fts
action ievef from 1B#g/L (ppb) to 4fig/L in drinking water Perchforate concentrations at or
below 4)jg/L are not cgnsidered to pose a hearth concern for the public, including children and
pregnant women artd their developing young. However, the focus on the fetus, infant arw3 child
reflects concern about the ability of perchlorate to interfere with the production of hormones by
the thyroid gland, and the need for thyroid hormones for normal prenatal and postnatal
development. The Office of Environmental Hearth Hazard Assesmerrl (QEHHA) is expected to
draft a perchlorate Public Health Goal (PHG) in 2002.

Ap|m>ved Mete!
The March 2. 2000 Federal Register identifies EPA Method 314.0as tne approved method

for perehlo/ate analysis, effective January 1, 2001. This is an Ion Chromatograph (1C) method
using a i ml sample loop.

Sources ol PerchtoraSe Contamination
Perchlorate originates as a contaminant in ground and. surface waters from the dissolution of

ammonium, potassium, magnesium, or sodium safa. While ammonium perchlorate is used in
soikf propeliant of rockets, missites, and fireworks, percnforate sate also have a variety of
industrial uses. Itrcfaorate saits are used as a component of air bag inflatory in nuclear reactors
and efectromcs, as additives in lubricating oils, in limning and finishing feather, as a mordant for
fabrics and dyes, in elecAroptaling, aluminum rrfin'rng, rubber manufacturing, the production of
paints and enamels, and may be associated with certam types of fertffizers.

Sample Preparation
Most water samples did not retire preparation. Samples containing sediments were filtered

through a 0.44 micron HPLC filter. Serum was diluted 1Qx, centrifuged and filtered through a
molecular sieve filter (Microcon YM).

instrumentation
Detector: SCKX APi 3000 Mobile phase: A * Water, B =* 50 mM NH4OH (aq)
Interface: Turbo Ion Spray (TIS-ESI) flow rate: 0.8 mL/min
HPLC: HP 1100 Injection volume: 15^L
Column: Dioncx AC 16 (2men x 50mm) tens monitored: 99 •* 63 m/z, 101 •* 85 m/2

The MDL was calculated to be between 15- 20 ppt in type I water, based an the response
from seven fortifications at tOOppt. The signal -to- noise ratio far the 100 ppt standard ranged
between 15:1 to 20:1 (Figure 1).

The presence of perdilorate was detected in ground water, tap water, surface water, and
bottled water. (Table 1 and figure 4). Levds of perchforate ranged from approximately 50 ppt ei
•suifarc water to approximately 425 ppt in ground water. Perchforate was not found in type 1
water generated on-stfe.

Estdle.it accuracy aTd precoiari were observed at fortifications ranging from 100 ppt to
2500 ppt in ground water, bottled water, surface water, tap water, and type I water ("Jabfe 2).
The ovetaN percent recovery for all the fortifications (rt = 50) was 99.7% with a standard
dsvsaitert of 6.1% . iV.oniiowig &e iranSikm 101 •* B5 m/z can be used as an arfcffttonal
eonfirmaSon of the perohbrate brr (figure 5). Excellent fiieartty was observed for perchbrate
standanJs in walei ranging from 100 to 2500 ppt (Figure 6).

The MDL for percftlo rate in se/um was approximately 2.0 ppb, based on sfendsrds prepared
in matrix. The signal- to -noise ratio for the 5 ppb standard prepared in human serum was
approximately 12:1 {Figure 2).

Results, cent.
The average recovery for perch/orate in serum samples fortified at

concentrations ranging from 5 to 100 ppb was 88,2% with a SO of 10.6%
(Tabte 3), Monitoring the transition 101 4 85 rn/z can be used as a
additional confirmation of the perchbrate ton (Figure 3}. Excefcrt tnearity
was observed for perchlorate standards prepared in human serum, ranging
from 5 to 100 ppb (figure 7).

Conclusions
The use of LC-MS/MS analyse hdped achieve lower detection limits.

The MDL in water achieved in this study (15 to 20 ppt) is 25-fold lower
than the currency approved method. ConcentratiojTS as low as 5 ppb
percHorate can be detected and quanttated in human «emm. The-
transition ffom 101 -» S5 m/z «&iRm& from the ̂ Q ion can be used as a
confirmatory Ion, if needed.

Table 1
Summary of perchiorafe lound in water

Source
Ground Watw'

Sample found fppt)

Sample 418
Duplicate 425

Bottied Water fempie 150
Duplicate 155

Surface Water Sample " 52
Duplicate 49

Tap Wafer" Sample 249
Duplicate 256

Type I Water SampJe
Duplicate

'OixattWCf ("mm feic {.'oJp«e,R^

Table 2
Foriiiicalior* r^o\'Sries (%} (or perchlorate in waler.

< MDL"
< MDL"

""MOL = if

WOSpkA
100 ̂ 3kB
2005pkA
200SpkB
SOOSpkA
SOOSpfcfl
1000 Spk A
1000 Spk B
2500 Spk A

Ground
Water

91.7
116.9
106.4
111.9
100.3
99.4
98.9
97,9
9&9

106.6

Boitted
Water

107.3
104.4
95.0

107.7
98.1
95.4
97.1
95.2
95.3

107.2
98.3
963

103.7
96.6
943
933
95.8
95.3

Water

95.3
111.2
107,6
.100.2

92.1
93,7
95.3
96.0
98.6

100.5

97.2
96.4

102.1
92.*
99.9
96.4
97.8
36.3

101.0
1313

Std 0«v
s?.:1

Repeal injections of a 100
ppl perchloraie standard
in water.

m/z, S/N > 13:1

Repeat injections of a 5 ppb
peirhioraJe siancfard in
human serum.

99-> 83 m/z, S/N > 12:1

Eef&feinces
CaNfomia Department of Healtfi Services; www.dhs.ca „ ...
f PA Office of Vfcter; www.epigov/OGWDW/meaie«Js/met3H.hJirt

! Figure 5
PerchJoraJ*- in grourx! water.
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5 ppfc 1C ppb 25 ppfc 50 y

Spike 2
Spike 3

Spike 4

77.6
59.0

86.6
765
75.4

100 ppb
86.8

106.6
9S.3

Perchloraie in (A) 500 ppt perchioraie
standard, (B) surface water, (Q bottled water,
!D) tap water, (E) ground water, and if) type J
water.


